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Overview

Background

A peripheral nerve stimulator, also known as a train-of-four monitor, is used to
assess neuromuscular transmission when neuromuscular blocking agents (NMBAs)
are given to block musculoskeletal activity. By assessing the depth of
neuromuscular blockade, peripheral nerve stimulation can ensure proper medication
dosing and thus decrease the incidence of side effects. Peripheral nerve stimulation
is most commonly used for ongoing monitoring in the intensive care unit (ICU).

NMBAs are used to decrease the work of breathing and facilitate mechanical
ventilation in the most critically ill patients. Peripheral nerve stimulation monitoring
during NMBA administration results in use of less medication, which can allow for
quicker recovery of spontaneous ventilation and accelerated neuromuscular
transmission recovery when the NMBA is discontinued.

The use of NMBAs has been decreasing because of their side effects of prolonged
paralysis and muscle weakness (ie, ICU neuropathy). However, in severe cases
when sedation and analgesia have been maximized, NMBAs may still be used in
conjunction with other agents for several indications, such as to reduce increased
intracranial pressure and to decrease oxygen consumption. In these situations,
peripheral nerve stimulation may be warranted.!!- 2!

Indications

Peripheral nerve stimulation may be indicated for the following:

Initial endotracheal intubation

Facilitating mechanical ventilation in patients with severe lung injury
Reducing intracranial pressure

Shivering, including therapeutic hypothermia

Status epilepticus

Treatment of muscle spasms related to drug overdose or tetanus
Preservation of delicate reconstructive surgery

Facilitation of diagnostic or therapeutic procedures

Contraindications
Contraindications to peripheral nerve stimulation include the following:

* Inability to obtain a secure airway
e Patient not on analgesia and sedation
¢ Unstable bone fractures

Relative contraindications include burns, hemiplegia, hemiparesis, and peripheral
neuropathy. Receptors may be resistant to NMBAs and lead to excessive doses.

Neuromuscular Blocking Agents

Peripheral nerve stimulation is used to assess neuromuscular transmission when
NMBAs are given to block musculoskeletal activity. Nondepolarizing NMBAs such
as pancuronium, rocuronium, and cisatracurium are most frequently used. They act
by competitively blocking the binding of acetylcholine to its receptors. They have
slow onset of action and long duration. Cisatricurium (Nimbex) tends to be the
agent of choice because there is a lower incidence of nephrotoxicity and
hepatotoxicity.

The depolarizing blocking agents, such as succinylcholine, act instead by
depolarizing the plasmatic membrane of the muscle. They have rapid onset of
action and short duration. They may cause hypertension, hyperkalemia,
arrhythmias, an increase in intracranial pressure, and (less often) malignant
hyperthermia. For this reason, they are only used for short procedures. Because
neuromuscular blocking agents are only paralytics (ie, they lack amnesic, sedative,
and analgesic properties), simultaneous administration of analgesia or anxiolytics is
mandatory.

Complications of NMBA use include the following:
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¢ Routine frequent oral care and suctioning (oral care and ventilator-associated
pneumonia prevention protocol)

Deep venous thrombosis prophylaxis

Peptic ulcer disease/gastrointestinal prophylaxis

Eye lubrication to prevent corneal abrasion

Foot drop (prevent with high-top sneakers)

Periprocedural Care

Patient Education & Consent

Most education initially will be with the family members present at the bedside
because the patient is heavily sedated.

Explain that the peripheral nerve monitoring will guide how the medication is dosed.

Explain that the peripheral nerve stimulation will help to assess the effect of the
medication.

To reduce any anxiety, describe the equipment and the experience of the stimuli as
a slight prickly sensation that the patient may or may not experience.

Pre-Procedure Planning

Determine the baseline electrolyte levels. Electrolyte imbalance can potentiate
neuromuscular effects.

Determine blood urea nitrogen and creatinine. Renal dysfunction can prolong
duration of action.

Equipment

Equipment includes the following:

* Peripheral nerve stimulator packaged with 2 lead wires (1 black and 1 red),
as shown in the image below

Peripheral nerve stimulator.

2 pre-gelled electrode pads (electrocardiogram dots)

Scissors/clippers for hair removal at site to ensure that electrodes adhere
Alcohol wipes to clean and prep electrode pad site (make sure to air dry)
NMBAs (sedation and analgesia should already be administered)

Patient Preparation

Anesthesia

Sedation and analgesia should already be administered.
Positioning

The head should be elevated at 30-45 degrees if supine for the prevention of
ventilator-associated pneumonia.

The patient needs to be turned frequently, at least every 2 hours. Skin should be
assessed regularly to avoid pressure ulcers.

The extremity being stimulated needs to be visible.
Monitoring & Follow-up
The following should be monitored with peripheral nerve stimulation:

e Vital signs
* Continuous cardiac monitoring
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« Ventilator monitoring for clinical endpoints

¢ Sedation scales, such Riker Sedation-Agitation Scale or Richmond Agitation
Sedation Scale

¢ Bispectral index brain monitoring

* Electromyogram studies (if post-NMBA neuropathy develops)

Complications

The peripheral nerve stimulation itself can cause some discomfort or tingling.
The main side effects are related to NMBAs, including the following:

* Residual muscle weakness/neuropathy, especially if used in conjunction with
steroids (ideally resumption of 4 twitches should occur 2 hours after NMBA
discontinuation)

Quadriplegic myopathy syndrome

Corneal drying and abrasions

Decubitus ulceration

Apnea

Tachycardia or bradycardia

Hypotension or hypertension

Bronchospasm

Rash

Malignant hyperthermia

Suppression of cough, retention of secretions, and atelectasis

Increased risk of deep venous thrombosis

Technique

Site Determination and Testing

Assess for a site that is clean, dry, shaved/clipped, nonedematous, and free of an
intravenous or intra-arterial line. Diaphoresis, hair, edema, wounds, dressings, and
catheters can interfere with the conduction of the stimulating current through dermal
tissue.

Assess and correct any electrolyte abnormalities that may interfere with testing,
such as hypokalemia, hypocalcemia, hyponatremia, or hypermagnesemia.

The peripheral nerve stimulation can be performed either in the ulnar, facial, or
posterior tibial nerve. The ulnar nerve in the wrist is the preferred site, but if gross
anasarca is present, the facial nerve is then usually the site of second choice.

If the clinical situation is not emergent, whenever possible apply the electrodes to
determine the best site of location by testing the train-of-four response and finding
supramaximal stimulation level prior to NMBA initiation. Supramaximal stimulation
is the level at which additional stimulation will not increase the intensity of the 4
twitches. It is a baseline for comparison and establishes what the adequate
stimulating current is prior to NMBA therapy.

Site Electrode and Lead Placement

Ulnar Nerve (Recommended Site)

Extend the arm, palm up in a relaxed state. The 2 electrodes are placed over the
path of the ulnar nerve. The distal electrode is placed at the level of the wrist on the
ulnar surface at the flexor crease, as close to the nerve as possible. The second
electrode should be placed 1-2 cm proximal to the first, parallel to the flexor carpi
ulnaris tendon.

The negative (black) lead wire is attached to the distal electrode and the positive
(red) lead wire is attached to the proximal, as shown in the image below.

Electrode and lead placement for peripheral nerve stimulation: Ulnar nerve.

The expected response is to see the thumb twitching.
Facial Nerve

The first electrode is placed on the face at the outer canthus of the eye and the
second electrode is placed 2 cm below, parallel with the tragus of the ear. Connect
the negative (black) lead wire to the distal electrode at the tragus and the positive
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(red) lead to the proximal electrode at the outer canthus, as shown in the image
below.

Electrode and lead placement for peripheral nerve stimulation: Facial nerve.

The stimulus will produce eyebrow twitching.
Posterior Tibial Nerve

The first electrode is placed 2 cm posterior to the medial malleolus in the foot, with
the second being 2 cm above the first. Connect the negative (black) lead to the
distal electrode at the posterior malleolus and the positive (red) lead to the proximal
electrode above the malleolus, as shown in the image below.

Electrode and lead placement for peripheral nerve stimulation: Posterior tibial nerve.

The stimulus will produce plantar flexion of the great toe.
Testing

When pressing the train-of-four button, the stimulus is sent as a group of 0.2-
millisecond pulses (to avoid direct muscle stimulation or repetitive nerve stimulation
going over the refractory period) in a square-wave pattern spaced 500 milliseconds
apart. This is repeated every 10 seconds.

The number of muscle twitches needs to be counted. If stimulating the ulnar nerve,
observe for twitches of the thumb (adductor pollicis muscle). If stimulating the facial
nerve, observe the muscles above the eyebrow (orbicularis oculi muscle). If
stimulating the posterior tibial nerve, observe twitches of the great toe (flexor
hallucis brevis muscle).l%]

Selecting the Supramaximal Stimulation

Turn on the peripheral nerve stimulator and select a low amplitude, usually 10 or 20
mA to start. Increase the current in increments of 10 mA until 4 twitches are
observed.

Note the current (in mA) that corresponds to 4 vigorous twitches when the train-of-
four stimuli button is pushed. If there is then no increase in the intensity of the 4
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muscle twitches when the current is increased by 10 mA, the supramaximal
stimulation is the level at which the previous 4 vigorous twitches were observed. For
example, if 4 strong twitches are observed at 50 mA but when raised to 60 mA
there is no further increase, the supramaximal stimulation is then 50 mA.

To decrease the current required to stimulate a nerve, the positive electrode is
placed proximally and the negative toward the muscle terminus. The wires are
connected to the nerve stimulator. The negative (black) and positive (red) leads are
attached to the corresponding connection colors.

The response is measured as follows:

When 4 twitches are seen, 0-75% of the receptors are blocked.
When 3 twitches are seen, at least 75% of the receptors are blocked.
When 2 twitches are seen, 80% of the receptors are blocked.

When 1 twitch is seen, 90% of the receptors are blocked.

When no twitches are seen, 100% of receptors are blocked.

Retest the train-of-four 15 minutes after a bolus dose or with a change in a
continuous NMBA infusion rate, titrating to the prescribed clinical endpoint.

Once the prescribed clinical endpoint has been met with a steady level of blockade
and the patient is clinically stable, retesting intervals can increase to every 4 hours.
Perform the stimulation first at baseline, then 15 minutes after a bolus if continuous
infusion every hour until stable, and then every 4 hours.

If no twitches are observed, troubleshoot first before assuming 100% blockade as
follows:

* Check the lead connections and change the battery if needed.

e Make sure the skin and electrodes are clean and dry and replace electrodes
if necessary.

¢ Increase the stimulating current because it now may be inadequate,
especially with anasarcic patients.

* Retest another nerve to verify that this is not a false-zero response.

If there are no other explanations for the zero response, it is assumed to be a true
lack of response. Reduction of the NMBA infusion rate is indicated in order to
prevent prolonged paralysis and severe weakness during ICU recovery. The next
dose of bolus NMBA needs to be held, or the infusion can decreased by 50% and
evaluated after 15-30 minutes. Until only 1 or 2 twitches are seen, the monitoring
needs to be performed every 15-30 minutes.
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